Introduction
============

After the introduction of the first 17-gauge vitreous cutter for vitrectomy in 1971,[@b1-opth-12-2409] marked improvements have been made in the instrumentation. In 2002, a sutureless 25-gauge (25G) vitrectomy system was introduced by Fujii et al,[@b2-opth-12-2409] and thereafter, Eckardt[@b3-opth-12-2409] reported the 23-gauge (23G) vitrectomy system in 2005. Small-gauge transconjunctival microincision vitrectomy surgery (MIVS) using 23G and 25G instrument systems was reported to reduce surgically induced sclerotomy trauma, healing time, intraocular inflammation, astigmatism, and operative time.[@b4-opth-12-2409]--[@b7-opth-12-2409] Subsequently, Oshima et al[@b8-opth-12-2409] introduced the novel 27-gauge (27G) vitrectomy system in 2010. Recently, several authors including us have reported on the safety and availability of 27G MIVS, and the application of the 27G system has been expanded to several vitreoretinal diseases such as epiretinal membrane (ERM), proliferative retinopathy, retinal detachment, and proliferative vitreoretinopathy.[@b9-opth-12-2409]--[@b12-opth-12-2409]

Perpendicular wounds have been reported to leak more intra- and postoperatively, while oblique, angled, or beveled wounds have been reported to show decreased wound leakage.[@b13-opth-12-2409],[@b14-opth-12-2409] Recently, Khan et al[@b15-opth-12-2409] have reported that eyes with straight incisions had lower intraocular pressure (IOP) only in the very early postoperative period compared with the angled-incision group. However, the results of optical coherence tomography (OCT)-based analysis of the difference between straight and angled incisions in 27G vitrectomy have not been reported. The aim of this study was to compare clinical outcomes, including IOP, rate of hypotony, and scleral wound closure, using OCT after straight vs angled trocar entry in eyes undergoing 27G MIVS for ERM.

Patients and methods
====================

We retrospectively studied 73 eyes of 68 patients with ERM treated with 27G transconjunctival sutureless vitrectomy (TSV) at St Marianna University School of Medicine Hospital between August 2015 and October 2016. This study was approved by the Institutional Review Committee of St Marianna University School of Medicine, and written informed consent for participation was obtained from all patients. This study was conducted in accordance with the Declaration of Helsinki.

Eyes with vitreomacular diseases such as ERM and idiopathic macular hole were randomly assigned to the straight- or angled-incision group in an alternating fashion before surgery. If a patient had bilateral vitreomacular disease, the first eye operated on was randomly assigned. Only eyes with ERM were analyzed in this study.

All patients underwent 27G MIVS using the Alcon Constellation Vision System (Alcon Laboratories, Inc., Fort Worth, TX, USA) including a three-port trocar cannula system (Total Plus Pak). This instrument continuously monitors the infusion rate and intraocular fluid dynamics, allowing true IOP control during the entire surgical procedure. The surgical parameters were 5,000--7,500 cuts per minute and a vacuum of 0--650 mmHg. During surgery, IOP was controlled to 20 mmHg. For straight incisions, the trocar entered perpendicular to the sclera. Angled incisions were constructed in a conventional tunnel-like manner with the trocar first engaging the sclera at an approximately 30° angle before entry. Both the ERM and internal limiting membrane (ILM) were peeled using 27G ILM forceps in all cases with Brilliant Blue G dye utilized to assist in the peeling process. The conjunctiva was displaced from the intended sclerotomy site, and the trocar was placed 3.5--4.0 mm posterior to the limbus in both groups. The wound locations were superotemporal, superonasal, and inferotemporal as infusion sites in all eyes. If a significant cataract was present, combined cataract surgery was performed before the scleral incision for vitrectomy. All cataract surgeries were performed through a clear corneal 2.4 mm incision. All surgeries used the wide-viewing system and a magnified contact lens for macular work as necessary. At the end of the surgery, the cannulas were removed and moderate pressure was applied to the sclerotomy sites with a cotton-tipped applicator. Topical antibiotic ointment was applied, and the eye was patched and shielded after surgery. All surgeries were performed by the same right-handed surgeon (HT).

To compare the clinical outcomes including IOP and wound closure, the patients were divided into two groups based on the incision procedure (straight or angled). The best-corrected visual acuity (BCVA), IOP, rate of hypotony, and scleral wound closure were compared. We defined "hypotony" as an IOP of ≤6 mmHg or less and "normal pressure" as an IOP of \>6 mmHg. To confirm would closure, we captured the 360° around the sclerotomies using CASIA SS-1000 OCT scanner (Tomey, Nagoya, Japan) so as not to overlook the sclerotomies. The BCVA was examined before and 1, 3, and 6 months after surgery, IOP was examined before and 1, 2, 3, and 10 days after surgery, and wound closure was evaluated 1, 2, 3, and 10 days postoperatively.

All statistical analyses were performed using IBM SPSS Statistics version 21.0 (IBM Corp., Armonk, NY, USA). Mann--Whitney *U*-test and Wilcoxon signed-rank test were used for comparisons of the logarithm of minimal angle of resolution (logMAR) BCVA and IOP between the two groups. Wound closure rates were analyzed using chi-squared test. *P*-values of \<0.05 were considered to represent a statistically significant difference.

Results
=======

The baseline patient characteristics are shown in [Table 1](#t1-opth-12-2409){ref-type="table"}. Thirty-five of 73 eyes underwent 27G vitrectomy with a straight incision and 38 eyes with an angled incision. The age, preoperative BCVA, preoperative IOP, axial length, and rate of cataract surgery did not differ significantly between the two groups. The changes in BCVA are shown in [Figure 1](#f1-opth-12-2409){ref-type="fig"}. The mean logMAR BCVA at baseline and 1, 3, and 6 months after surgery was 0.107±0.231, 0.022±0.130, 0.003±0.105, and 0.0001±0.102, respectively, in the straight-incision group and 0.079±0.178, 0.112±0.288, 0.095±0.222, and 0.090±0.225, respectively, in the angled-incision group. There were no significant differences in logMAR BCVA between the two groups at any time point.

The time-course changes in IOP in both groups are shown in [Figure 2](#f2-opth-12-2409){ref-type="fig"}. The mean IOP at baseline and 1, 2, 3, and 10 days after surgery was 14.9±3.6, 11.5±5.9, 12.1±6.3, 11.9±4.2, and 15.0±3.6 mmHg, respectively, in the straight group and 14.8±3.6, 13.4±7.4, 12.9±7.0, 12.6±3.9, and 14.2±4.3 mmHg, respectively, in the angled group. There were no significant differences in IOP between the two groups at any time point. However, the mean IOP in the straight group at 1, 2, and 3 days after surgery was significantly lower than that at baseline (*P*=0.010, *P*=0.002, *P*=0.030, respectively). On the other hand, no statistically significant difference was found in terms of the changes in IOP in the angled-incision group at any time point compared with baseline. Seven eyes in the straight group and three eyes in the angled group developed postoperative hypotony, defined as an IOP of \<6 mmHg. There was thus no significant difference in the rate of hypotony between the two groups. In all eyes, hypotony was detected only on postoperative day 1, and it resolved in all by postoperative day 2.

All sclerotomies were evaluated using anterior segment OCT 1, 2, 3, and 10 days after surgery ([Figure 3](#f3-opth-12-2409){ref-type="fig"}). The rate of wound closure in both groups is shown in [Table 2](#t2-opth-12-2409){ref-type="table"}. Among the sclerotomies, there were no significant differences in the rate of wound closure between the two groups at any time point. All sclerotomies were closed by postoperative day 10.

Discussion
==========

To the best of our knowledge, this is the first clinical study reporting on OCT-based analysis of the difference between a straight and an angled incision in 27G vitrectomy. Overall, rates of hypotony and postoperative complications were equally low. Eyes in the straight group, however, had comparatively lower IOP on postoperative days 1, 2, and 3.

The results of the present study are consistent with previous reports demonstrating that the use of the 27G system is safe and effective, with good anatomic outcomes.[@b16-opth-12-2409],[@b17-opth-12-2409] In the present study, surgical success was achieved in all cases and none required conversion to 25G instrumentation. The IOP and sclerotomies were followed up for a minimum of 10 days in 73 eyes. Postoperative complications were limited and managed effectively with conservative measures. No eye required subsequent surgery for ocular hypertension, hypotony, or vitreous hemorrhage. No cases of postoperative endophthalmitis, sclerotomy-related retinal tears, or choroidal detachment were encountered in the follow-up period.

In this study, postoperative BCVA was not significantly different at any time point examined in the two groups. Regarding the relationship between wound construction strategies and postoperative visual acuity, our study showed that postoperative BCVA scores did not differ significantly at any point after vitrectomy.

Postoperative hypotony is reported in 0%--25% of 25G sutureless vitrectomy cases.[@b11-opth-12-2409],[@b18-opth-12-2409]--[@b24-opth-12-2409] Hypotony is usually transient and in most cases resolves with conservative measures. It was reported that the adoption of angled incisions decreased wound-related complications such as hypotony and choroidal detachment in 25G sutureless vitrectomy.[@b25-opth-12-2409]--[@b27-opth-12-2409] Since the introduction of sutureless vitrectomy, several groups have focused on the incidence of postoperative hypotony after 27G vitrectomy, reporting risks that range from 0% to 9.4%.[@b10-opth-12-2409],[@b11-opth-12-2409],[@b15-opth-12-2409],[@b28-opth-12-2409] On postoperative day 1, IOP was 11.5±5.9 mmHg in the straight-incision group and 13.4±7.4 mmHg in the angled-incision group in the present study. The IOP in the straight group was lower than at baseline. However, no statistically significant difference was found in either group. The rate of hypotony in this series was 13.7%. When compared with prior series, this rate is higher than that reported for 27G systems but within range of that reported for 25G systems. At the end of surgery, all cannulas were pulled out over the light pipe. With this maneuver, the illumination probe is used to displace the vitreous trapped inside the cannula into the vitreous cavity. Removing the cannula over the light pipe results in a greater frequency of sclerotomy leakage in patients undergoing TSV.[@b29-opth-12-2409] Some studies have stated that a partial air fill lowers the risk of hypotony in 23G[@b30-opth-12-2409] and 25G[@b16-opth-12-2409],[@b26-opth-12-2409] vitrectomy. Air-gas exchange is proposed to help seal the sclerotomies from the interior due to different surface tensions between air-gas and fluid.[@b8-opth-12-2409],[@b27-opth-12-2409],[@b31-opth-12-2409] In the present study, we did not use gas tamponade and removed the cannula over the light pipe, which may explain the difference in the postoperative IOP between those studies and ours.

It was previously reported that the adoption of angled incisions with 25G systems helps to reduce initial concerns regarding postoperative wound-related complications such as hypotony, endophthalmitis, and choroidal detachment.[@b16-opth-12-2409] In our series, two distinct wound construction techniques were used, which allows for comparison. There were seven cases of hypotony in the straight-incision group and three in the angled-incision group. None of the differences in the IOP between the two groups were significant at any follow-up visit, and the IOP tended to increase afterward, reaching \>10 mmHg in all eyes 10 days postoperatively. This tendency for IOP to increase with time and healing is compatible with the findings of previous studies.[@b10-opth-12-2409],[@b15-opth-12-2409],[@b28-opth-12-2409] Because IOP decreased significantly after surgery in the straight group, we speculated that even if angled incisions were unclosed, functional closure may have been achieved. Acar et al[@b32-opth-12-2409] reported a significant decrease in IOP at both 2 hours and 1 day postoperatively after 25G vitrectomy with straight incisions. At 2 hours postoperatively, they observed hypotony in 26% of eyes. In their series, the hypotony rate decreased with time and was 17% on the first postoperative day. In the present study, IOP might have been significantly higher in the angled group than in the straight group 2 hours after 27G TSV. We evaluated early postoperative hypotony to determine whether it might lead to complications but did not observe any choroidal detachment or folds and endophthalmitis due to hypotony.

In a previous study, we demonstrated that the mean time required for scleral wound closure after vitrectomy using the DORC 27G system was 7.7±4.7 weeks.[@b11-opth-12-2409] However, in the present study, scleral wound closure was seen by postoperative day 10 in all eyes. Prior studies noted that excess pivoting of angled incisions may result in a transient wound gap or misalignment, resulting in wound incompetence.[@b33-opth-12-2409] Extensive intraocular instrument manipulation can lead to wound leakage by enlarging the sclerotomy incision, possibly causing wound gap and leakage.[@b34-opth-12-2409] We speculated that incisions in the straight group would seal more easily than those in the angled group. However, no significant difference in the mean time of scleral wound closure was noted between the two groups at any time point. Although we assumed that the shorter incision length would decrease the time required for wound healing, there was no significant difference between the two groups. We hypothesize that because of the small gauge size, less time was required for scleral wound closure and ERM tended to require less trocar manipulation and rotation to work on a smaller confined area on the retina, and therefore, no significant difference between the two groups occurred. The absence of wound-related complications in our patients suggests that both wound construction techniques may be used successfully with 27G instrumentation, allowing surgeons a choice based on the clinical scenario and personal preference.

Study limitations
-----------------

There were potential limitations in this study. The number of cases was small, reflecting experience from a single institution. In addition, the insertion angle of the trocar was not measured during scleral penetration. Thus, there may have been some variations in the angle. To minimize such variations, all sclerotomies were performed by a single surgeon. Importantly, only eyes with idiopathic ERM which were fluid filled at the end of surgery were included, and therefore, the results may not be directly applicable to other surgical indications. Finally, because of the relatively short follow-up duration in the current study, no long-term complications could be addressed.

Conclusion
==========

Both angled and straight trocar incisions were clinically well tolerated in this study after 27G pars plana vitrectomy for ERM in fluid-filled eyes. The clinical outcomes of this study suggest that the two types of incisions are comparably safe. Straight incisions are therefore as safe and useful for ERM vitrectomy as angled ones.
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![Time course of logMAR BCVA.\
**Notes:** The mean logMAR BCVA at baseline and 1, 3, and 6 months postoperatively was 0.107±0.231, 0.022±0.130, 0.003±0.105, and 0.0001±0.102, respectively, in the straight group, and 0.079±0.178, 0.112±0.288, 0.095±0.222, and 0.090±0.225, respectively, in the angled group. No difference in the logMAR BCVA between the two groups was significant during follow-up (*P*\>0.05, respectively).\
**Abbreviations:** BCVA, best-corrected visual acuity; logMAR, logarithm of minimal angle of resolution; ns, not significant.](opth-12-2409Fig1){#f1-opth-12-2409}

![Time course of changes in IOP.\
**Notes:** The mean IOP at baseline was 14.9±3.6 mmHg in the straight group and 14.8±3.6 mmHg in the angled group. At 1, 2, 3, and 10 days postoperatively, IOP was 11.5±5.9, 12.1±6.3, 11.9±4.2, and 15.0±3.6 mmHg, respectively, in the straight group, and 13.4±7.4, 12.9±7.0, 12.6±3.9, and 14.2±4.3 mmHg, respectively, in the angled group. No difference in IOP between the two groups was significant during follow-up. However, the mean IOP in the early postoperative period was significantly lower than that at baseline in the straight group (day 1, *P*=0.010; day 2, *P*=0.002; day 3, *P*=0.030). ^\*^*P*\<0.05 vs baseline.\
**Abbreviations:** IOP, intraocular pressure; ns, not significant.](opth-12-2409Fig2){#f2-opth-12-2409}

![Anterior segment OCT images of sclerotomies.\
**Notes:** (**A**--**C**) OCT images of sclerotomies of patients with straight incisions at 1, 3, and 10 days postoperatively. (**A** and **B**) Significant gaps (arrows) in the sclera are visible as hyporeflective areas 1 and 3 days postoperatively. (**C**) However, the hyporeflective area is not observed in the sclera 10 days postoperatively. (**D**--**F**) OCT images of sclerotomies of patients with angled incisions 1, 3, and 10 days postoperatively. (**D**) A significant gap (arrow) in the sclera is visible as a hyporeflective area 1 day postoperatively. (**E** and **F**) However, no gap in the sclera is observed from 3 days postoperatively.\
**Abbreviation:** OCT, optical coherence tomography.](opth-12-2409Fig3){#f3-opth-12-2409}

###### 

Baseline patient characteristics

                                     Straight      Angled        *P*-value
  ---------------------------------- ------------- ------------- -----------
  No. of eyes                        35            38            
  Gender                                                         
   Male, n                           12            13            
   Female, n                         23            25            
  Age (years), mean ± SD             67.5±9.3      67.5±10.4     0.96
  LogMAR BCVA, mean ± SD             0.107±0.231   0.079±0.178   0.82
  IOP (mmHg), mean ± SD              14.9±3.6      14.8±3.6      0.92
  Axial length (mm), mean ± SD       24.9±1.5      24.4±1.7      0.25
  Combined cataract surgery, n (%)   25 (71)       29 (74)       0.78

**Note:**

Mann--Whitney *U*-test.

**Abbreviations:** BCVA, best-corrected visual acuity; IOP, intraocular pressure; logMAR, logarithm of minimal angle of resolution.

###### 

Rate of wound closure of each port

                         Straight   Angled     *P*-value
  ---------------------- ---------- ---------- -----------
  R port, n (%)                                
   POD 1                 31 (89)    28 (74)    0.12
   POD 2                 32 (91)    36 (95)    0.56
   POD 3                 34 (97)    37 (97)    0.94
   POD 10                35 (100)   38 (100)   
  L port, n (%)                                
   POD 1                 29 (83)    36 (95)    0.1
   POD 2                 32 (91)    38 (100)   0.29
   POD 3                 35 (100)   38 (100)   
   POD 10                35 (100)   38 (100)   
  Infusion port, n (%)                         
   POD 1                 32 (91)    36 (95)    0.56
   POD 2                 34 (97)    37 (97)    0.94
   POD 3                 35 (100)   37 (97)    0.34
   POD 10                35 (100)   38 (100)   

**Abbreviations:** L, left; POD, postoperative day; R, right.
